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(54) ANODE MATERIAL FOR LITHIUM SECONDARY BATTERY, ITS MANUFACTURING 
METHOD AND LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an anode material for realizing lithium secondary 
battery, which has high discharge capacity and which is capable of high-speed charging and 
discharging as well as restraining decomposition of an electrolytic solvent, and to provide a 
lithium secondary battery using the anode material. 

SOLUTION: By using a mixed gas of an organic matter and an inert gas, in which the molarity of 
the organic matter is 2% to 50%, graphite particles are processed by chemical vapor deposition 
in a fluidized bed reactor at a temperature ronge of 90° C and 1 ,200° C to form an anode 
material for a lithium secondary battery, which is made of graphite particles and a crystalline 
carbon layer that covers the whole surface of the graphite particles, and in which the whole 
surface of the graphite particles is parallel to a (002) face of a carbon in the carbon layer. 
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[0 0 9 3] Ctl6Z^«»0«*eittt4MilOfeOT? 
[0 0 9 4] J-XT, *«Sfl«lcA»)*«M*MKH{*WC 
[009 5] 

20 S1%ittfiS«J-XTO^i*T-SiJ^bfco 

[009 6] IS if j*fg« : fittSMftiSlKtSSfttftt 
lGDT-5 0*ffll\ ^^gS4"-efigOiS'>*ffl'JS 

[009 7] ¥t5$L?m : ■»S*BfWr«U~ <f-B*r 
&%L&ft1fiffllZ.&& S A L D 1 1 0 OfcfflVTifNJEL 

fee 

[0098] ttmmm : B^'WHasaHttesa* 

[0 0 9 9] 1 0 0m 1 Otf^Xgi^X 

[oioo] w-mmrsmdooi : m^sixummmm 

XC-4 0H*ffll\ C u-K am&Vl i T*#fe<tb, 
WUEft^U 3 k LT3*®i£T-8i]5£L/-Co 

[0101] (HfiSflJ 1 ~4. it«M»J 1 ) 
MHiaSrfil&n-y K5;l/1»ffi»l9»U &ff4 5 /xm 
40 W^fi^S 1 8 /x m) OUSBS^ff fco 0 3 IC 

[0 10 2] 03tc*5^T, 2tiH@ 10 0m 

t), S^§§4 2©tt95;&«oTSt9tttt#:m£(fc-#- 
4 4^CJ;^)^ SIES4 2 (DrtSP^ftn^-r^ C f:*^T-t 

SBfit? 5 0 0g**^-2 2 frSEJSS 4 2 rtlc#y& 
Lfco H& v IS^SJr>i§4 2rtfctt*&Lfc«L SfC§84 
JO 2©TSPlciattfc^S14^5^>3 8€ralLT, SIS 
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§§4 2rtte^Stt>ffX3 O^LT^l L/m i nO 
86«T«*6Lfeo COtt»TEfl»4 2rt*#f»bTR 
Jfc§§4 2FW9 0 O^KI'JSi L*:^ «fifl${*#>':/2 
6^ffl^tSiI2 4 £LT^>-b?>£:2mL/m i n 

ossa-es/ss 4 2OTg5icfltjgLfc 0 

[0 10 3] T^6±*^£K84 2rt*j3Sns*X 
8StcJ:DSiS§§4 2*om v *4^}5SKj{t^^^^tt 
fc. «?P«4 0 ««»33«ft«IJBa* 1 2 0 0 c m/# 

T*tt»«#*cfc*c*9EJ5«4 2^com^n^mw 

SI 



* 70 



Oflltf»7Lft«, £«*ttE«M4 20TgP^^ 

coio4] m *>nrcnffittn<D4 5ftm»T6tfi« 

[0 10 5] 
[3tl] 





2ffi (Mffii : iaSU^ZO 




j. u ill t£ 




2 . 5 cm 1 




PVDF' 1 9wt % 




1 F> 




1 3 OX: ■ 5 h r 




LiPF e , 1M/L 




PCVMEC'VECVDMC* 8 
= 1/1/0.3 3/0. 6 7 2 




1mA 

0. 4mA/cm J 




ImV 
1 h r 




lmV-1. 5V 



[0 10 6] 



* i PVDF : #D tr^U-rV^;!/^-^^ F 

* 2 PC: ^Plf l^ifc— b 
*3 MEC : **7l/X?7l/*— tf*— F 
*4 EC :xf b>^-^-h 

* 5 DMC : F 

[312] 
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18 









^J§0J 3 




U*tth£Bci 1 
XtlSCWl 1 


fc^mmmm (#) 


3 0 


6 0 


12 0 


240 


0' 1 


mm&mmi™ t %) 


7 


1 4 


2 0 


24 


0 


TO8ff« (Mm) 


14. 6 


17.0 


17.2 


2 0.2 


12.6 


Jfcigffiffi (m'/g) 


3.3 5 


2.7 5 


1.9 0 


0. 9 8 


7.0 8 


(g/cm 8 ) 


A TOO 

0. 782 


f\ QO.7 


U. of O 


v. OLiiJ 


KJm f t %J 


¥*3MfHBI (nm) 


0. 33550 


0. 33548 


0. 33546 


0. 33548 


(0.33520 


ftm^fi (mAh/g) 

^-n>&2g (%) 


3 6 0 
9 0.2 


3 5 5 
9 1.2 


3 5 3 
9 2.3 


3 5 3 
9 2.2 





* 1 (t^««LS«:ff oTV^V^HiBa^ 

^2t^-r<£^c. *Mi«| 1 — 4 OftflWfitt. R*Ji 
OT*§ffiHPBd 002*^0. 3 3 7 nm*8ST8tK HtC 

[0 10 7] jW«3 0llW#»**Ui^^;l/ 

»B»cSfta». «ffitc<fcOWSU EMajteMMTF 
K:ffll«*WKbfco BI6lcavr.fc5fc:ft«*f 

tfWo«iw^i:wi:^Ert*»oT«mu sue 
[0108] simm 5 ) 

iess^s (l i C0O2) t. mmtt (AJS*tt) k 

£9 : 1 (SfiS^) T^^L/co Ltl*PVDF^5 40 
w t %*fTT* 1 -**vb-2-tfny F>@^^^ 
?tTL i Co02^7U^«:HHLfto * 
F * 7;V ^ - 1 ) A?S±tc»* 6 0 

/imK&*iL;fc«, 1 3 0^2BSMK«LTIEffi*:» 

[0 1 0 9] *JS«3<Dftffi*m*. PVDF%9wt 

T, ftSttftUK6 5w t — SMLfte » 



LTMtPIBLft. 

[0110] ■fe^p-^-^LT-b5--x?±^-fe;i/^r 

Xnfto LtlS 1 M/LOL i PFeSrfgft? 

b/c, PC/^f;P*-**-h/EC «*«Jtl : 
1:1. 5) OjdlKMffilc&AlftK, IE^M*L 

[0 111] COttffifcE^T. 2 0 0mAT% 4. 2 
Vfc 2. • 7 VO«ffiOH^C<0«»03tai|«:*'&/£o 
*©*S*. *i»08«x*;l/^iBatt 3 7 7wh/ 
LT^o/to lOOO0(D»l^Tofc^ 10 

X. 2 5^fiM8«fcit«LT, 6 Ot»l§iti 1 0 
2 %. 0 °C^m^»* 9 8 %T*feofCo ttT<0*»«a 

[0 1 12] ^SK^S : »»Hff»fH«««#«HaE 
■ GDT-50*»V\ ffi«rf-e««l«**l»Eb. 

[0113] : »»«f^m«u-if-0#f 

StSMiSSiSA L D 1 1 0 0*jai/>T»JSL 

[0114] tmmm: a*^i/Haffl«w*««B 

ELSORB28 *fflV\ KttfllHUK a PaiR9Un« 
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[0 115] 10 0ml ©*7^^ 

*K3R8«reBft L fcffl* # y £ b tec 
[0 116] ¥i3®HIBdoo2 : 5I^S!X»Isl8T»fli 
L I NT 1 1 1 1 C u-K a*9*N i T#fift 

[0117] mmmm^mmmRrsm^mtff • h*« 

: F»2iflSf« : Fa»ill2 0 0 0 F X*ffil/\ ffiffH 

Bttt;*?»iHi«f»jfi*fTo fco 

[0 1 1 8] 7 L i @{*NMR : KHttSWftt 
±ttSSMD S X 3 0 0 w b tC^Sa/Eli^n— F 

[0 119] (*6S#I6) :75s;;]/K^IMB*«»n 
O»TT**#y^fi*0. 8 00g/cm 3 OHM 

[0 12 0] B3fc:*5^T\ Sl£§§4 2 tiitS 5 0 0m 
m, inSS&gPBfi 1 5 0 OmmO^^KSKJESTS 

4 4lc<fct)Kffi84 2©rt**in)»t«ci:fft**o 




(11) ^200 1-2 0 2 9 6 1 

?60k gli*y/*-2 2A>e>SiCE84 2rt»c«ie*n 

[0 12 1] IS*Jtt?«:Etfi;»4 2rtfc«lftU SiCt§ 
4 2©T»fc«ttfc^Stt;tfX9^>3 8£iILTKJS 
§84 2rt^gtt^tLTgtR3 0^:50 L/m i n 
08MlT««Ufco CO«jBT*Sl£S4 2rt€:#fi8L 
fCo EJE8 4 2W100 OtlcSiaLfca. K*il8 2 
4 fcLTh;l/x:/*:S»8{*stf>:/2 6#ffl^T 1 5 8 
70 mL/mi n<0«t«TEJE84 2 OTSPtC«*&L/fc O 
/bxy-gJSB^^t© h;i/xyOT;l/aa : 4 0 
%) o T7S^6±^SJS»4 2rt*«[ti**X8llK:J: 
DSJ&H4 2*OII«Btt : f*8faB{b**fto M*C ffttf 
$14 0 ^«l$^ffi$feffiS^2jg 1 2 0 0 c m/#T?f|s»<£ 
■g\ Cttlc<fc!>EJS»4 2*OJWBtt?*«#Ufc« C 
nic^S. E/58 4 2rt<DSMWft : F ffB*) ©SSL' 

20 ?L4 6*^6»a**fco 

[0 12 2] ?# &ftfcftlE*m<0 5 3/imBTKfili:o 
l^T. «3©*tt^ 

[0 12 3] 
[S3] 
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(12) WH 




2 ffi (Mfl8ffi:^JSU^A) 


tmm tActm) 


1 Omg 




2 . 5 cm 1 




PVDF' 1 9wt % 








130t-5hr 


nmn, mm 


LiPFe, 1M/L 


&mmi& mmmA 
mm&c 


PC 2 /EC 3 /MEC 4 = 25/25/50 (voIX) 
=50/17/33 (volX) 
=70/10/20 (vol*) 




1mA 

0. 4mA/cm* 




lmV 
1 h r 




lmV-1. 5V 



2001-20 2 961 



[0 12 4] 



* 1 PVDF : #U tT— V J]/*?** H 

* 2 PC: ^nt? \sl/J3 — h 
*3 EC iXfl/^-^-b 

*4 ME C : ^^;l/x^;l/*— h 
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23 



24 



314 





HSS096 


Jt«W2 


itK093 




(#) 


12 0 


12 0 


1 2 0' 1 




(wt%) 


17.6 


16.8 


1 7. 1 






19.5 


2 0. 8 


2 0. 2 




(m l /g) 


2. 0 0 


2.55 


2.0 6 


$v*?&& (g/cm 8 ) 


0. 852 


0.851 


0.833 




(nm) 


0. 33548 


0. 33550 


• 8 


%tt«KMIS« («*H*A) 

am^a (mAh/g) 

*-n>$js}5 (%) 


3 5 3 
8 8.2 


3 54 

4 9. 3 


3 2 5 
6 5.2 


nm.mm (mAh/g) 

*-D>2&* (%) 


3 5 5 
8 9.0 


PCftM 


3 11 
3 0. 6 


^-n>34s|5 (%) 


34 5 
8 7. 7 


PCftM 
K«fc0 


PC#g? 



* 2 tf— ^^d- ft«^*i 

1 4£OM7ifp] (H2cOY7?fn]) £«^«*B§^LTf#fc 

0 2ffi© a F*9ffiBBI«fc*0. 3 3 6 4 5 nmT? 

TJrtl) K«?»«JB«bT»fc«?«EI«f^K*H8K: 40 
tt.To feftttWJROKiROO 2ffifc:J:*l3Sf« 

0 0 2 SB. 1^2 011 (110®) tffiTfe 

[0 12 5] &*5. COfiffitt8O±S<0¥tE«SP^flg 

sn^ro] (H2ox^fp]) ic»»sa*FW«*o«?iii 
mmommoo 2®^tt^o, ±ffiKfKS i 6 <om 

mOQ 2Stt, ISJS?2 0±I (0 0 2ffi) icWfT* 50 



[0 12 6] ft«tt» 

i -NMRt7}fflJ^*8S*H9£^-r o 4 2. 9ppm 

V^H^^tlfCo Sfc, 1 5. 1 ppmtc. SSHttKfii 
lc > * - * ^ a > L fc AttQUR^ ftfc U •> A-f 

[0 12 7] «±<0*S**&. JMBtt?tt* JMBIfrF© 



[0 12 8] (Jt«flM2) ^SSWJ6Tffl^fc:M& v ^l 
Og*HSSc{t^3R»Sl5»K:tt5i«i, IttBfll etn- 
as (4 0€;l/%) oh;I/o:>-g*il^^«:fflv^T 

wfiffiH»*fTofco ^ofpfffieesi$gm^S4tc^*ro & 
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[0 12 9] a*, ®7zm<t¥mm&.fc&te, sisspj 

0mm, HfBffifi9 5mmX 1 2 OmmOWT'S^ 
fee ^SfSJg« 1 0 0 0 *C T?* r> fc„ 
[0130] (Jt«a 3 ) SISS^J 6 -ejgt^fcafttt? 1 
OOgfc, a— /Hi v*f-&%fi>*v-?3.—?M.-y 

f («M2 9 5t, @^118 2w t %) 2 5 70 

^3 2 ccr-tssm^aiu, *>t«ift. cn^3 

3 0 °CT- 3 0 ^PB^SCSSBiTt Ap^ U SSI tf -y 
BMfcfcfT-sfco *<D'&. HSS3I&1 OVm i nt? 1 0 

ooic*t^st,ft. -x^t\ mi&mx'i 20MM 
[0131] Bios, 3ta#« (ftawsfcu^-'fi* 

matW© 7 L i -NMRcD^lKX-^^ h;l/^t"o C 
CD^lR^.^^ WUc<fcnt£, 1 5ppmOfiili:IS B B Bfi 
Jg? ^ IC -i" > * - * V — v' 3 > L tz U ^ A i' * > ic & 3fe 
-TS^iR*-"^ WUtf, 1 1 0 p pmCDfeSlcH^ 

Mic > * - ±1 is— •> 3 y l /£ 'J f- >> A-r * > ic s 

[0 13 2] ±jiELfcJ:^tc. *&fc0IJ 6 ©MiSffi?*S5 
Sfj^ft^affiT'SIf LfciB«&f&@«, KIOO 2® iO 
•caffitt^O^affifcaa LTVS £S B B B 1£ j^JIT- & 
S. 

[0133] immztDmmbttmiz.mt^m 
mmr-nam t rzmmmm, Rtf stmm 3 ©matt? t e 
•y ^ fc*js»a^t ufc»«KJiett, aatfrFasoa 
iRic * saa*^^* *. 

[0 13 4] JM±C»jttt, (gg^^lT'SSLft 
So 40 

[0135] -73, a»a%»a-r*fl:¥aa«LSfce 

ag-fSCi;;tf!±S?l5So 

[0136] sic ±ESiaft*<t^si«jaaft»ci3«#''T 

M la HIS T' ^SChldtaAT, CCD^S fiJtiSiSH 1 JO 




1f Pj8 2001-202961 
2<S 

? <D&&m*&i— ta-o^tcaa-r* c tmst 

( 1 ) aaaaaflHMl^fc** JEKKC^?BttWaft*< 

(3) na}iic?o^a®*saf8»^— t*»-33S^t* 

(4) *im?0^n*MiMi7*i4-lcftoftaii:a 
H1--Sfc46, PCI?0^l!K<b»»5g:ffllWrSo <KDfc#> 

HOfiJ^feSo 
[0 13 7] J-X±© * 5 &£Jj£«, {£ISiH£J^fS5T-aa 

l fcHiB* y f - •> A>f * y-^smmnmtn t 
* HS*ft*3R*ffiTaa l. ^aaiKa t & & * « ma 

[0 13 8] 

?O«Mi:BfIf2^^®(0KlS0 0 2ffit*^TT*feSo 
[0 13 9] «J:oT, COft««S*av^T(H3fiLfcy 

ttffc«tit*55, MIC P C^<D^j«<D»»«:ffll$iJUT 

[ia i ] *^coy ^-«>i»^«}aafta»8o-w* 
^■raicwBfffiBi^**. 

[0 2] si tc^-rma«^<Dgi5»A<Dffi;^:0T*fe5o 
[03] i»z:»a»afta»»Mi3fiaft 

[04] *mw<Dvr*L>=.%.wmmfiMtt'®mi&m<t 

[05] *awoy^^^z^wt«aft«#««aafb 
^aaja^aoats'jows^attHT?**. 
[0 6] /»-5Wt»afta*tfio-«i* 
m-rmytm^m'&im^n r- s 0 
[07] *MWJff A3j5rttjfiafta#fioHM* 

[0 8] 2»r*aaafta»«<o-ffy* 

^•T«?^(eIST^KT-feSo ' 
[0 9] U ; ?-'>A-('*>«r'('>^-*U— >3>bfc* 
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2 
4 
6 

1 4 

1 6 

2 2 
2 4 
2 6 

2 8 

3 0 
3 2 
3 4 
3 6 

3 8 

4 0 
4 1 
4 2 
4 4 
4 6 

4 8 

5 0 

6 2 
6 4 
6 6 
6 8 



28 



JO 



20 



30 



7 0 






7 7 






7 4 






7 6 


I (□ ix/v ^> C\ imj> m 1 — 1 




7 8 






q n 
o w 






O t-< 






ft 4 
O *4 






Q A 
O \J 






Q C 

o o 


■TT. IlK TvJ HA V UU w ✓ 1 
















Q 4 






1 n 7 






i o 4 


At. Ja X "1 










1 \J o 


AC -3d (XX. rr* 1 '4 ' ^ 










i i ? 


I i a ix /-* s> 




1 1 4 






1 1 fi 


^ 2f X — VS^Wfe 




1 1 Q 
1 1 O 






1 2 0 






1 2 2 






1 2 4 






1 2 6 






1 2 8 






1 3 0 






1 3 2 






1 3 4 







[0 1] 



[H2] 
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[H9] 




f 1 


— . — F ; » ' — « — I 




r -_ y.. 


' ' T' ' 1 


— -i — r — « — ' 




pp« 


300 2C 


to 100 


;* 


-100 


-200 


-300 



im i o] 

s s 




-1 ■ ' T ' ' ' 1 ' » ' 1 ' ' ' 1 1 * ' 1 ' 9 ' I 

300 200 100 0 -100 -200 -900 
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